Background: A clear understanding of factors affecting patients' perception of quality of life (QOL) would be useful for improving continuous care in coronary artery disease (CAD) patients. Objective: To examine the causal relationships between cardiac self-efficacy, social support, left-ventricular ejection fraction (LVEF), angina, dyspnea, depression, vital exhaustion, functional performance, and QOL in CAD patients experiencing postpercutaneous coronary intervention (post-PCI). Methods: We used a research survey for causal analysis design to explore the theoretical linkage, guided by the revised Wilson and Cleary model, between QOL interest variables and patient QOL. The 303 subjects were all post-PCI CAD patients. All participants completed the following surveys: (1) a demographic data questionnaire, (2) a QOL Index (Cardiac version IV), (3) the Center for Epidemiologic Studies Depression Scale, (4) the Cardiac Self-efficacy Scale, (5) the Social Support Questionnaire, (6) the Rose Questionnaire for angina, (7) the Rose Dyspnea Scale, (8) the SF-36: vitality subscale, and (9) the Functional Performance Inventory Short-Form, with reliability ranging from 0.72 to 0.98. Data were analyzed using a linear structural relationship analysis. Results: The postulated model was found to fit the empirical data and explained 54% of the variance in quality of life (χ 2 = 1.90, df = 3, p = 0.59, χ
Impaired quality of life has increasingly become the most significant health outcome for patients with chronic diseases such as coronary artery disease (CAD). Most research conducted into the supportive care of CAD patients has been focused on effectiveness of treatment, and, as a result, there has been little research into the CAD population's postpercutaneous coronary intervention (post-PCI) quality of life. Thus, assessment of quality of life in this study was not intended to measure the effectiveness of treatment, but was used to determine the effects on those other areas of life that specifically relate to a person's health [1] .
CAD can affect any coronary artery. For example, atherosclerosis disease is a form of CAD that causes reduced blood flow and oxygen supply to the heart muscle, inducing a symptomatic cardiac event that threatens patients' lives [2] . At present, revascularizations by PCI and coronary artery bypass grafts (CABG) are both effective treatments for symptomatic cardiac events, but clinical evidence has indicated that PCI patients with recurrent angina had a significantly lower quality of life than CABG patients [3, 4] . However, further investigation is required to study the factors that affect quality of life in post-PCI CAD patients, especially after one year of recovery from wound pain that might have since affected their quality of life.
In Thailand, most CAD-related research has investigated the effects of revascularization treatment on quality of life, and findings indicate that patients' quality of life increased for a short period of time post-treatment [5] [6] [7] . One study followed up with CAD patients one year after participating in an intensive lifestyle management program, but quality of life had not significantly improved [7] . Thus far, no study has explored the factors affecting quality of life for CAD patients; however, understanding these factors is necessary to develop specific nursing interventions for post-PCI patients. Moreover, a clear understanding of the factors predicting quality of life is important for designing nursing interventions that are specifically tailored for post-PCI CAD patients.
Based on analysis of literature reviews, psychological symptoms (such as depression and anxiety), angina, vital exhaustion, and dyspnea have been observed to have the most significant influence on quality of life in people with CAD [8] [9] [10] [11] . Other variables such as sex, social support, personality, and socioeconomic factors have also been identified as significant in predicting quality of life for CAD patients [11] [12] [13] . In summary, the relationships between the factors that affect quality of life are complicated and difficult to understand. If the causes for low quality of life scores are identified, then specific interventions to improve quality of life among CAD patients can be developed from them [14] . Many theories have attempted to explain the different factors affecting quality of life. Wilson and Cleary's model is widely used in quality of life literature because it merges biomedical and social science paradigms. Ten years after its introduction, Ferrans and colleagues revised the Wilson and Cleary model, suggesting that biological function as an antecedent of quality of life is influenced by the characteristics of both individuals and their environment. Wilson and Cleary also encouraged application of their revised model to a specific clinical population (Figure 1) .
To fill the gap in current knowledge of the factors affecting quality of life in CAD patients, this study aims to explain the relationship between cardiac selfefficacy, social support, biological and physiological (LVEF) symptoms of angina, dyspnea, depression, vital exhaustion, functional performance, and quality of life in post-PCI CAD patients. A clear understanding of the multiple factors affecting patients' perception of their quality of life will facilitate the design of an optimal and effective nursing intervention program for maintaining and improving quality of life in post-PCI CAD patients. The proposed relationships between variables and concepts are defined in Figure 2 . 
Materials and methods

Design
A research survey for causal analysis was conducted among the CAD population at the outpatient departments of five tertiary hospitals, from August 2011 to February 2013. This study was approved by the Institutional Review Board of the Faculty of Medicine, Chulalongkorn University. Each of the potential participants were fully informed about the study objectives and provided with information regarding what would be involved for participants. Furthermore, participants were informed that their participation was voluntary, and that they could terminate their participation at any time without repercussions. Those willing to participate were asked to sign a consent agreement before taking part in the study.
Subjects
The participants involved in the study were patients recruited from out-patient cardiac clinics who met the following inclusion criteria; (1) having been diagnosed with CAD in at least one vessel with more than 50% stenosis; (2) having a history of CAD for greater than or equal to one year; (3) being over twenty years of age; (4) having had PCI treatment for longer than 12 months; (5) having a stable angina pectoris class I-III; (6) being able to communicate in and understand the Thai language; and (7) being willing to participate in this study.
The sample size was selected using parameter estimation [15] . The adequate sample size for path analysis is between 5-20 subjects for each parameter [15] [16] . In this study, the postulated model contained 37 free parameters, and so a sample size of 185-740 was the minimum requirement to match the complexity of the path model. The 303 participants in this study were recruited from a total sample size of 334. Complete data was collected from all 303 participants, and used for the data analysis.
Instruments
The instruments used in this study included the following nine questionnaires (Thai versions): (1) the Quality of Life Index, Cardiac Version IV; (2) the Center for Epidemiologic Studies Depression Scale (CES-D); (3) the Cardiac Self-Efficacy Scale (C-SES); (4) the Social Support Questionnaire (SSQ); (5) the Rose Questionnaire for angina; (6) the Rose Dyspnea Scale (RDS); (7) SF-36: vitality subscale (VT); (8) the Functional Performance Inventory, Short-Form (FPI-SF), and (9) a personal data section. Information for all of these instruments is shown in Table 1 .
1.The Quality of Life Index, Cardiac Version IV. Quality of life was measured using 70 items of the Quality of Life Index Cardiac version IV, Thai version [7] . Each item used a six-point Likert rating scale. Scores were calculated for overall quality of life in four domains: health and functioning (15 items), social and economic (8 items), psychological/spiritual (7 items), and family (5 items). High scores indicated a better quality of life.
2.The Center for Epidemiologic Studies Depression Scale (CES-D). The Thai version of the CES-D is a depression scale using 20 items that assess perceived mood and level of functioning within the past seven days. Response categories indicated the frequency of occurrence of each item, and were scored on a 4-point scale, ranging from 0 (rarely, or none of the time) to 3 (most, or all of the time). Final scores ranged from 0 to 60, with higher scores indicating increased severity of depression. Cut-off scores for depression available for Thai people were 19 or higher [17] .
3.The Cardiac Self-Efficacy Scale (C-SES). The C-SES used in this study had 14 items, measuring two sub-dimensions of self-efficacy: control of symptoms (8 items) and maintenance of function (6 items) [18] . Our team translated and included one additional item. The items were first scored on a 5-point Likert scale ranging from 0 to 4, followed by summation. Higher scores indicated a greater level of cardiac self-efficacy in maintaining function.
4.The Social Support Questionnaire (SSQ). This questionnaire was developed by Schaefer, Coyne, and Larzarus, and was modified by Hanucharurnkul for cancer patients in 1988, and first used by Khuwatsamrit et al. with cardiac patients [19] . This questionnaire consists of 21 items that measure social support received from three sources: family, friends, and healthcare providers. The SSQ used in this study had a five-point Likert-like scale from 0 to 4, and scores ranged from 0 to 84. Higher scores indicated a higher level of social support.
5.The Rose Questionnaire for angina. This questionnaire is widely used in epidemiological study for assessing angina, and it has been translated into many languages [20] . The Thai version with a modified scale was used in this study. This instrument consists of eight items and scores ranging from 0 to 8, with 0-1 presenting no chest pain, 2-7 borderline chest pain, and 8 indicating chest pain.
6.The Rose Dyspnea Scale (RDS). In this study, the RDS was used to assess dyspnea [21] . This scale surveys the patient's level of dyspnea with common activities. The scale consists of four items, with scores ranging from 0 to 4, where 0 indicates no dyspnea with activity, and increasing scores indicate greater limitations because of dyspnea. This instrument was translated into Thai for the purpose of this study.
7.The SF-36: vitality subscale (VT). Vital exhaustion was assessed using a Thai version of the SF-36 vitality subscale [22] . This subscale consists of four items, with scores ranging from 1 to 6, where higher values indicate greater vital exhaustion.
8.The Functional Performance Inventory ShortForm (FPI-SF). This inventory assesses functional performance in terms of the day-to-day activities that CAD patients engage in in their lives to meet basic needs, fulfill usual roles, and maintain their health. The Thai version of the FPI-SF was utilized [23] and consists of 40 items ranging on a scale from 1 (activity can be performed easily) to 4 (activity can no longer be performed for health reasons). The FPI-SF consists of six subscales grouped into three types of daily life activity (ADL): (1) basic ADL (BADL): bodily care and physical exercise; (2) instrumental ADL (IADL): household maintenance; and (3) advanced ADL (AADL): recreation, spiritual activities, and social activities, with higher scores indicating greater functional status.
Statistical analysis
Descriptive statistics including frequencies, means, and standard deviations were used to describe the demographic data and variables in the path model. The assumption analysis was conducted to include normality of distribution, linearity of relationship, homogeneity of variance, and multicollinearity. A Pearson Product Moment correlation was used to test for bivariate relationships among the pairs of variables, and to assess multicollinearity among the independent variables. The postulated model was tested using a path analysis that presented the idea that the variation in quality of life could depend on nine predictive variables: cardiac self-efficacy, social support, LVEF, angina, dyspnea, depression, vital exhaustion, and functional performance. The significance level of this study was set at 0.05.
Two steps of analysis were used to find better-fit models in this study. The first step was analysis of the postulated model, and the second step was modification, by deletion of the significant path from the postulated model that fitted the final model. Furthermore, the χ 2 test, the Goodness of Fit Index Factors predicting of QOL for coronary artery disease patients (GFI), the Adjusted Goodness of Fit Index (AGFI), and the root mean square error of approximation (RMSEA) were tested to assess the adequacy of the model fit with the empirical data. In the case of inadequate fit to the data, the model was adjusted under the modification index and theoretical meaning until an adequate fit was obtained. A 'good fit' was determined according to the following criteria: p > 0.05, RMSEA < 0.05, GFI > 0.9, AGFI > 0.9, NFI > 0.9, and CFI > 0.9. SPSS (version 11.5; SPSS, Chicago, IL, USA) and LISREL (version 8.72) were used for all of the analyses in this study.
Results
Participant demography
For the study period, the mean age of the 303 participants was 61.17 years (SD = 10.96, range = 35-87), and three out of four participants were men (73.6%). The majority of participants was part of a couple (81.2%) and had completed primary or elementary education (52.2%). Moreover, some of the participants were unemployed (31.3%), some worked in the field of agriculture (17.8%), and some were government officials (15.8%). Approximately half of the participants (46.2%) had a monthly family income of less than 10,000 Thai Baht (1 US dollar = 31 Thai Baht). The findings regarding the demographic characteristics of the participants are summarized in Table 2 .
Model testing
The present study showed 45 correlations between variables with significance level 0.01 among 20 pairs, and no significance among 25 pairs. The Pearson correlation ranged from -0.16 to 0.57. The strongest correlation was between depression and vital exhaustion (r = 0.57, p < 0.01), and the weakest correlations were between angina and vital exhaustion (r = -0.16, p < 0.01), and dyspnea and quality of life (r = -0.16, p < 0.01). The correlation metric of all variables is presented in Table 3 .
The paths of this model are shown in Table 4 . The test model was comprised of two exogenous variables (cardiac self-efficacy and social support), and seven endogenous variables (LVEF, angina, dyspnea, vital exhaustion, depression, functional performance, and quality of life). Path analysis was used to validate the relationships between the variables regarding quality of life. The test model was not found to be relevant to the evidence. Thus, the model was modified repeatedly (four times) based on suggested modification indices until it was determined to fit adequately with empirical data. Results of the direct, indirect, and total effects of quality of life in post-PCI CAD patients are presented in Table 5 .
The final model in this study was analyzed by using a χ 2 test = 1.90; df = 3; p = 0.59; RMSEA = 0.00, GFI = 0.99; AGFI = 0.98, as shown in Figure 3 . Fiftyfour percent of total variance in quality of life was predicted by four significant factors (cardiac selfefficacy, social support, depression, and vital exhaustion). LVEF, angina, dyspnea, and functional performance were not found to significantly affect quality of life. 
Factors predicting of QOL for coronary artery disease patients
Use of the revised Wilson and Cleary model in addition to evidence support from this study revealed that the four variables that had the most powerful direct effect on the quality of life of post-PCI CAD patients were social support, depression, vital exhaustion, and cardiac self-efficacy, and the standardized path coefficient values for these variables were 0.31, 0.24, 0.23, and 0.21, respectively. However, self-efficacy was found to be the one variable in this study that had a powerful, indirect effect on quality of life (0.21, p < 0.001). The findings of this study indicate that post-PCI CAD patients who received more social support, showed fewer symptoms of depression and vital exhaustion, and who demonstrated higher selfefficacy, appeared to experience a better quality of life.
Discussion
Understanding quality of life has become increasingly important regarding the clinical outcomes of healthcare research. It has therefore become important to describe fully the different factors that affect quality of life. The results of this study provide valuable information regarding post-treatment health within the CAD population that could be used to affect the lives of patients positively. Additionally, to obtain appropriate and scientifically reliable information, this study used disease-specific measures that could accurately reflect changes in quality of life in patients, and provide relevant information about this issue [24, 25] . The findings of the present study report that the postulated model adequately fits the empirical data and Table 5 . Summary the total, direct, and indirect effects of causal variables on affected variables (n = 303) Factors predicting of QOL for coronary artery disease patients explains 54% of the variance in quality of life by the factors of cardiac self-efficacy, social support, LVEF, angina, dyspnea, depression, vital exhaustion, and functional performance. This finding is relevant to a previous study by Hofer and his team, which investigated the quality of life model in CAD patients while including both biomedical factors and individual environmental characteristics. Overall, the model could sufficiently explain 49% of its variance [8] .
A postulated path model for quality of life in post-PCI CAD patients was tested in this study. It is noteworthy that the postulated model was found to fit the empirical data on the quality of life for the CAD patients. Although some research hypotheses were only partially supported, the model was still meaningful and useful for explaining the factors affecting quality of life among the patients. Finally, all of the variables in the model could be used to explain approximately 54% of the variance in quality of life.
The failure to find a significant relationship between functional performance, angina, dyspnea, and LVEF with quality of life may reflect the characteristic in which almost all of the participants in this study had a functional performance score higher than the mean score, fewer symptoms of angina and dyspnea, and normal LVEF. Hence, the post-PCI CAD patients in this study had a high level of competence in performing daily functions, which may explain the reduced variation in the factors affecting quality of life. However, in clinical practice, the assessment of LVEF might still be considerably useful for evaluating cardiac function, and other important symptoms experienced by CAD patients, which could be concerning, such as angina and dyspnea.
The results of this study indicate that the most important variable influencing quality of life is cardiac self-efficacy, as there was found to be a strong correlation between this variable and quality of life in the 303 CAD patients who participated. Consistent with previous findings from studies discussing the notion of cardiac self-efficacy, this study indicates that creative management care in CAD patients would be beneficial [26] [27] [28] [29] . Most previous studies have found that cardiac self-efficacy has a strong relationship with dyspnea and is useful for assessing management care for pulmonary patients [30] [31] [32] . Also consistent with previous studies, self-efficacy was shown to have a strong relationship with depression [33] [34] [35] . This relationship can provide more information about management care [36] and help to promote healthy behavior [26] and physical activity [37] in CAD patients. Epidemiological evidence and reviews indicate that social support has been prospectively associated with adverse CAD [38] . In addition, a systematic review and meta-analysis also established that social support was important for the prognosis of CAD [39] . Furthermore, previous evidence showed that social support usually occurs with the prognosis of CAD, but that there were differences in the type of social support received by CAD patients [38] . However, these findings are incongruent with findings by Hofer et al., in that social support did not influence healthrelated quality of life in CAD patients [8] .
Previous reviews have indicated that depression has a bidirectional relationship with CAD, and is an independent risk factor for the disease [38, 40] . The findings from this study were not consistent with previous studies into the structural equation model of quality of life, which indicate that depression has a negative, indirect effect on quality of life [8] . One possible reason for this discrepancy is that the majority of participants in this study were not found to be depressed (80.6%), which might have affected the variance of this factor.
The findings of this study indicate that post-PCI CAD patients who displayed greater vital exhaustion had higher scores in the quality of life assessment, which did not support the hypothesis. Furthermore, a previous study by Pederson et al. found that vitality was still highly prevalent post-PCI and could be used to predict quality of life [9] . It should be noted that this is the first study examining vital exhaustion in Thai CAD patients. Nevertheless, in this study, two symptoms found to be prevalent in post-PCI CAD patients were depression and vital exhaustion. This information could be useful in aiding advanced practice nurses to design cardiac nursing interventions tailored to help manage release symptoms, and improve quality of life for post-PCI CAD patients.
While interpreting and using the findings of this study, there are limitations that need to be considered. Firstly, the participants in this study were all post-PCI CAD patients. In addition, the participants were from three, high-volume post-PCI CAD regions in Thailand, and therefore, the generalizability of the findings may be limited. Nevertheless, the researcher could still evaluate the effects of the variables highlighted in this study on each domain of quality of life, which may provide beneficial information that could be used to help ensure better quality of life outcomes for CAD patients.
